Summary
Seventy-three multiparous beef cows (21 to 35 d postpartum) were used in an experiment with a 2 x 4 factorial design to test the effects of pretreatment with norgestomet and preovulatory gonadotropic stimulation on the life span of corpora lutea induced by human chorionic gonadotropin (hCG). Cows were implanted subcutaneously for 9 d with norgestomet (3 mg; 35 cows) or sham-implanted (38 cows). HCG (1,000 IU) was administered im to all cows 36 h (time = 0) after implant removal. Each cow received one of the following treatments: (1) pregnant mare's serum gonadotropin (PMSG; 750 IU) in a single subcutaneous injection 48 h prior to hCG (-48 h); (2) follicle stimulating hormone (FSH-P) in saline (10 mg) in a series of four subcutaneous injections (2.5 mg/injection) at -48, -36, -24 and -12 h; (3) FSH-P in 5% beeswax-sesame oil (10 mg) administered as in 2; or (4) saline, administered as in 2. Samples of serum taken at the time of implantation, at the time of implant removal and daily on d 5 to 20 after administration of hCG were assayed for progesterone. Samples taken at 12-h intervals from -48 to +12 h were assayed for estradiol-17/3. Cows were observed for estrus at 6-h intervals from 24 to 60 h after implant removal and twice daily until d 22. Seventy-one percent of the cows (25/35) were in standing estrus from 29 to 60 h after removal of a norgestomet implant, compared to 16% of the sham-implanted cows (six of 38). As determined by progesterone in serum and by palpation of the ovaries, 88% of the cows (64/73) formed corpora lutea in response to hCG, with a tendency (P<.10) for a positive effect of pretreatment with norgestomet (94 vs 82%). The life span of corpora lutea was longer (P<.O1) in cows treated with norgestomet (19.6 d) than in sham-implanted cows (13.4 d). Level of function of the induced corpora lutea as indicated by the pattern of daily concentrations of progesterone in serum was increased by pretreatment with either norgestomet (P<.01) or gonadotropin (P<.05), but there was no interaction of these treatments. The mean level of estrogen before ovulation was increased (P<.01) by pretreatment with norgestomet or any regimen of gonadotropin, and, again, there was no significant interaction. Pretreatment with progestogen was associated with a higher pattern of concentrations of estrogen over time (P<.01).
(Key Words: Beef Cows, Anestrous, Norgestomet, Corpora Lutea.) Introduction Pratt et al. (1982) demonstrated that pretreatment with progestogen increased the level of function of corpora lutea induced by human chorionic gonadotropin (hCG) in anestrous beef cows. But the mechanisms by which progestogen produced this effect is unkown. Improper follicular development has been considered to be a factor that could contribute to the shorter life span or low level of function of some induced corpora 1urea (Marion and Gier, 1968; Webb et al., 1977) . Higher circulating concentrations of estrogen in dairy cows (Fernandes et al., 1978) and greater follicular development in beef cows (Lishman et al., 1979) were associated with greater release of luteinizing hormone (LH) in response to gonadotropin releasing hormone (GnRH). But estradiol given in conjunction 830 JOURNAL OF ANIMAL SCIENCE, Vol. 54, No. 4, 1982 with follicle stimulating hormone (FSH; Lishman et al., 1979) or just before hCG (Pratt et al., 1982) did not increase the life span of induced corpora lutea. Administration of pregnant mare's serum gonadotropin (PMSG) to suckled beef cows pretreated with progestogen was associated with increased calving rates (Chupin et al., 1975; Mulvehill and Sreenan, 1977) . Early postpartum beef cows pretreated with a single injection of PMSG were reported to have cycles of normal length (20 to 23 d) following hCG-induced ovulation (Oxenreider, 1968) . In addition, normal luteal life span was observed in seasonally anestrous ewes when PMSG was administred 24 h prior to GnRH, but not when GnRH was given alone (Haresign and Lamming, 1978) .
In contrast, Lishman et al. (1979) did not lengthen luteal life span in lactating beef cows with twice-daily administration of follicle stimulating hormone (FSH-P in saline) prior to GnRH, even though follicular development before GnRH and systemic concentrations of progesterone on d 7 after GnRH were increased. The inability to alter luteal life span by pretreatment with FSH may have resulted from inconsistent exposure to the hormone due to its short half-life. Support for this concept was demonstrated by Choudary and Greenwald (1969) , who found that FSH administered to guinea pigs in a 5% beeswax-sesame oil suspension, in contrast to FSH in saline, was as effective as PMSG in overcoming estrogeninduced luteolysis.
The following experiment was designed to examine the effects of prior treatment with PMSG, FSH in saline or FSH in 5% beeswax: sesame oil alone or in combination with norgestomet, on the functional life span of corpora lutea induced by hCG. Treatmentinduced changes in follicular development prior to the formation of induced corpora lutea were monitored by measuring concentrations of estradiol-173 in serum and by determining the sizes of palpable ovarian follicles. The relation of luteal life span to these measures of follicular development was examined.
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Materials and Methods
Seventy-three anestrous, suckled beef cows, 21 to 35 d postpartum, were used in a 2 x 4 factorial arrangement of treatments designed to determine the effects of norgestomet 4 and preovulatory gonadotropic stimulation on the functional life of hCG-induced corpora lutea. Thirty-five cows were implanted subcutaneously with 3 mg norgestomet (9 d, ear) and 38 were sham-implanted. Twelve hours before implant removal (48 h before hCG), each animal was placed on one of four treatments: (1) PMSG s (750 IU) administered in a single subcutaneous injection at --48h;(2) FSH-P 6 (10 mg), dissolved in saline, administered in a series of four subcutaneous injections of 2.5 mg at -48, -36, -24 and -12 h; (3) FSH-P, suspended in 5% beeswax-sesame oil, administered in the same way (2); and (4) saline, administered like (2). An im injection of hCG 7 (1,000 IU) was administered to all cows 36 h after implant removal (time 0), at which time the cows were 31 to 45 d postpartum.
Systemic samples of serum taken immediately before implantation, at the time of implant removal and daily from 5 to 20 d after hCG were assayed for progesterone. Jugular venous samples were taken at 12-h intervals from -48 to +12 h, and sera were assayed for estradiol-17~. Observations for estrus were made every 6 h from 24 to 60 h after implant removal and twice daily thereafter until 22 d post-hCG. Cows were palpated per recutm at the time of implantation, at -48 and 0 h and on d 6, 13 and 20 to record the number and size of corpora lutea and follicles ~10 mm in diameter. Four of 82 animals examined had palpable corpora lutea or concentrations of progesterone greater than .5 ng/ml serum at the time of implantation and five animals lost norgestomet implants. These nine cows were not included in the experiment.
Assays for Hormones. Samples were assayed for progesterone as described by Berardinelli et al. (1979) , with two exceptions. First, diethyl ether was replaced by petroleum ether as the extraction solvent; second, the ether-soluble extract was separated from the water-soluble phase by quick-freezing with dry ice in acetone. Concentrations of estradiol-17/3 were assayed in 3 ml serum as described by Fogwell et al. (1978) . Assay sensitivities for estradiol and progesterone were 2.5 pg/tube and .15 ng/tube, respectively.
Statistical Analysis. Chi square analysis was used to test the proportions of cows in estrus after removal of implants and the proportions of cows with corpora lutea after hCG. The effects of treatment on the life span of the induced corpora lutea and on the mean concentration of estradiol were examined by analysis of variance. Multiple regressions were used to determine whether there were relationships between the number and size of follicles 10 mm in diameter and the mean concentration of estradiol over the six sampling times.
Patterns of concentrations of estradiol and progesterone were compared by least-squares analysis of variance, with a split-plot design (Fogwell et al., 1978) . The presence of induced corpora lutea was indicated by an increase in serum progesterone concentrations to >.5 ng/ml for a period of at least 2 d, and was confirmed by palpation of the luteal structure.
Results and Discussion
Thirty-one of the 73 cows (43%) were in standing estrus between 29 to 60 h after implant removal (table 1). As expected, there was a positive effect (P<.01) of treatment with norgestomet on this response. Twenty-five of 35 progestogen-treated cows (71%) were in standing estrus, while only six of 38 shamimplanted cows (16%) were in estrus at this time. There was a tendency (P<.10) for pretreatment with gonadotropins to increase the proportion of cows in estrus (26 of 53 vs 5 of 20 cows receiving saline; table 1). As determined by the profiles of progesterone and by palpation, 64 of 73 cows (88%) formed corpora lutea in response to hCG (table 1) . There was a gArea was estimated as the sum of daily progesterone concentrations from d 5 to 20, with .3 ng/ml (mean baseline value for all cows) substituted after baseline was reached.
hsee text for details relative to sampling times. tendency (P,g.10) for treatment with norgestomet to increase the proportion o.f cows forming corpora lutea after hCG; however, pretreatment with gonadotropins had no effect.
Corpora of the induced corpora lutea was observed (table 1) .
The diameter of the largest palpable follicle at --48 h wasgreater (P<.05) in cows pretreated with norgestomet (table 1) . As anticipated, the diameter of the largest follicle at the time of injection of hCG (0 h) was increased not only by pretreatment with norgestomet, but also by pretreatment with gonadotropin (P<.01 and P<.05, respectively). There were no differences due to the regimens of gonadotropin used, nor was there any effect of the interaction of norgestomet and gonadotropin on the size of the largest follicle at the time of injection of hCG. In the nine cows that did not form corpora lutea, average diameter of the largest follicle was 2 mm less (at both -48 and 0 h) than in the 63 cows which responded positively to hCG. Yet seven of 11 cows with 10 mm follicles at 0 h and two of two cows with follicles too small to measure (<10 mm) at 0 h formed corpora lutea in response to hCG. The number of follicles ~ 10 mm did not vary with treatment (table 1) .
Pretreatment with either norgestomet or any regimen of gonadotropin (table 1; P~.01), but not their interaction, increased the mean level of estrogen before ovulation. When the profiles of estrogen were examined as a function of time, only the effect of norgestomet was significant (progestogen x time, P~.01 ; figure 2) .
Although the life span of the induced corpus luteum was positively correlated with serum concentrations of estradiol, least-squares analysis showed that apparent effects of concentration of estradiol on luteal life span were accounted for by pretreatment with norgestomet. There was no significant relationship between the diameter or number of ovarian follicles palpated per rectum at -48 and 0 h and the concentrations of estradiol at these two times. In addition, changes in follicular diameter and number from -48 to 0 h were not related to concentrations of estradiol-17/J. Thus, there was no evidence that either follicular development or function was a determinant of luteal life span.
The greater circulating concentrations of estradiol-17/3 in the progestogen-treated cows most likely contributed to the significant increase in the proportion of cows in standing estrus after removal of the implants of norgestomet. These data are in agreement with results of previous studies involving norgestomet (Gonzalez-Padilla et al., 1975; Wiltbank and Gonzalez-Padilla, 1975J . Although prior treat- Both the persistence and level of function of induced corpora lutea were increased significantly by progestogen pretreatment. This is comparable to the action of spontaneously formed corpora lutea (Menge et al., 1962; Marion and Gier, 1968; Morrow et al., 1969) , which provide an endogenous source of progesterone priming before the initiation of normal estrous cycles. The results of this study are consistent with those of Folman et al. (1973) , Corah et al. (1974) , Holness et al. (1977) and Carstairs et al. (1980) , each of whom reported a positive relationship between elevated levels of plasma progesterone and conception at the subsequent estrus in postpartum dairy and beef cows. Without progesterone priming, a corpus luteum, either naturally-occurring or induced, does not appear to produce sufficient progesterone for a long enough period to allow the establishment of pregnancy. Accordingly, cows bred at first estrus after early weaning exhibited short cycles and a low conception rate, but norgestomet ameliorated both of these effects (Ramirez-Godinez, 1981) .
The short-term pretreatment with FSH or PMSG did not affect the life span, but did increase the level of function of corpora lutea induced by hCG. Approximately one-half of the cows treated with only PMSG (four of nine) or saline (four of seven) did show a normal luteal life span, as evidenced by persistence of progesterone concentrations exceeding .5 ng/ml for 18 d. This response was seen in only two of 15 cows treated with FSH and in no more than four of 13 cows in the study by Pratt et al. (1982) . These occasional corpora lutea with normal life span may account for the report by Oxenreider (1968) that PMSG administered 4 d before an injection of hCG resulted in the occurrence of estrus after a period equal to a normal cycle. He used only four cows. The present data are consistent with those of Lishman et al. (1979) , who found that treatment with 4 mg FSH for 3 d before the induction of corpora lutea in anestrous beef cows increased subsequent progesterone production. There was no effect of the vehicle (saline or beeswax-oil) in which FSH was given on either the life span or level of function of induced corpora lutea.
The fact that estradiol was already greater in the progestogen-treated cows at the start of the treatment with gonadotropin indicated that follicles in those cows may have been in a later stage of development. In addition, the injection of hCG given to the sham-implanted cows may have induced ovulation or luteinization of follicles that had not been exposed to, or participated in secretion of, normal preovulatory hormonal patterns. Estradiol in the shamimplanted cows appeared to continue to rise somewhat after hCG, whereas concentrations in the norgestomet-treated cows fell markedly by 12 h after hCG, a decrease similar to that observed in cycling cows after an endogenous preovulatory surge of LH (Henricks et al., 1971) .
The results of this study and that conducted by Pratt et al. (1982) provide the basis for use of the postpartum anestrous beef cow as a model for the study of factors involved in short luteal phases. Injection of hCG or GnRH into unprimed animals usually produces corpora lutea with a short life span, while pretreatment with progestogen provides a normal life span for hCG-induced corpora lutea. Comparisons of such endocrine factors as circulating concentrations of FSH, levels of follicular receptors for FSH and LH (Waiters et al., 1981) or levels of hormonally active follicular polypeptides (Channing, 1978) in these two types of animals should be useful in understanding the causes of short and normal luteal phases. Kesler et al. (1981) have already shown that corpora lutea induced by GnRH in lactating cows lack the ability to respond to LH by increased production of progesterone in vitro on d 7. Similar results were obtained with corpora lutea collected on d 6 after injection of GnRH or one of it's analogues in anestrous ewes (McNeilly et al., 1981) despite the fact that binding of hCG was equivalent to that seen with normal corpora lutea.
